Summary: Audio computer-assisted survey instrument (ACASI) has been shown to decrease under-reporting of socially undesirable behaviours, but has not been evaluated in pregnant women at risk of HIV acquisition in Brazil. We assigned HIV-negative pregnant women receiving routine antenatal care at in Porto Alegre, Brazil and their partners to receive a survey regarding high-risk sexual behaviours and drug use via ACASI (n ¼ 372) or face-to-face (FTF) (n ¼ 283) interviews. Logistic regression showed that compared with FTF, pregnant women interviewed via ACASI were significantly more likely to self-report themselves as single (14% versus 6%), having .5 sexual partners (35% versus 29%), having oral sex (42% versus 35%), using intravenous drugs (5% versus 0), smoking cigarettes (23% versus 16%), drinking alcohol (13% versus 8%) and using condoms during pregnancy (32% versus 17%). Therefore, ACASI may be a useful method in assessing risk behaviours in pregnant women, especially in relation to drug and alcohol use.
INTRODUCTION
Preventive efforts targeting women at risk for adverse pregnancy outcomes can deliver significant public health impact. For example, interventions aimed at preventing new infections with sexually transmitted infections (STIs) during pregnancy can avert transmission of life-threatening, chronic illness to newborn infants. 1 -6 Syphilis, hepatitis B, HIV and other STIs have potentially severe adverse outcomes if the mother is infected during pregnancy. 7 -10 Similarly, substance use during pregnancy, including alcohol and cigarette use, increases the odds of delivering low-birth weight or preterm infants, as well as augmenting the potential of pregnancy complications ( premature rupture of membranes and placental abruption) and infant death. 11 -14 In order to design appropriate and effective interventions to diminish risk behaviours in pregnancy, an accurate and localized understanding of sexual and behavioural factors is necessary. Data obtained during medical visits often rely on self-reports, which may be inaccurate with notable underreporting due to social desirability. 15, 16 Assessment of risk may be challenging, which in turn makes it difficult to interpret results and design appropriate interventions to address key risk factors. Self-reporting of risk or undesirable behaviours has been shown to increase when face-to-face interviews (FTF) and self-administered questionnaires are replaced with audio computer-assisted survey instruments (ACASI). Despite wide variations in geography and populations sampled, a large number of studies show that ACASI can decrease non-response rates and increase reporting of socially undesirable sexual behaviours. 15,17 -21 However, ACASI efficacy has not been widely studied in women during pregnancy, especially in terms of non-sexual behaviours such as cigarette smoking and illicit drug use. Other than being vulnerable to disease acquisition and subsequent disease transmission to infants, pregnant women may also feel less comfortable reporting risky behaviours because of the additional scrutiny surrounding gestation. Prior studies have shown that the accuracy of self-reporting of drug use diminishes if individuals fear negative consequences, and a pregnant woman speaking to a medical professional in the context of a antenatal visit could face repercussions not limited to jail time, loss of custody and legal ramifications. 22, 23 Thus, the increased sense of confidentiality gained by not having to provide answers directly to clinical personnel with ACASI may be especially informative in this specific population.
Porto Alegre, a cosmopolitan city located in the south of Brazil, has become the epicentre of the Brazilian HIV epidemic recently, a finding likely due to higher intravenous drug use, particularly in the male population. The prevalence of HIV in Porto Alegre among women receiving antenatal care rose from 0.5% in 1997 to 3.5% in 2007. 24, 25 A pilot study of HIV-1 serodiscordant couples conducted in southern Brazil demonstrated that heterosexual transmission appeared to occur more frequently from HIV-infected men to women (67%) as described in studies conducted in Africa and Europe. 26 The population evaluated in this study is composed of low-tomiddle income men and women receiving care at two large tertiary county medical centres in Porto Alegre, Brazil, where the HIV seroprevalence rates range from 3% to 5% in women receiving antenatal care. 4 In order to correctly identify risk behaviours during pregnancy in our clinic populations, we compared responses to sensitive questions about sexual practices and substance use using ACASI and FTF interviews in pregnant women receiving antenatal care.
METHODS
Using a quasi-experimental design, we enrolled self-reported HIV-negative pregnant women receiving antenatal care at either Hospital Conceiçao or Hospital Femina and their male sexual partners, if available. Inclusion criteria included pregnant women who were HIV-negative, in a steady heterosexual relationship for .3 months and older than 18 years of age. To minimize differences between sites, pregnant women at both antenatal clinics were recruited by the same research team using the same script.
Interview process
At Hospital Conceiçao, women with a first antenatal clinic from December 2010 to January 2011 were interviewed FTF and women seen for a first antenatal visit from January to March 2011 were interviewed via ACASI. At Hospital Femina, patients enrolling from February to June 2011 were interviewed FTF and women enrolling July to November 2011 were interviewed by ACASI. Male partners, if available, were offered participation in the study as well. Women and their enrolled partners were interviewed only once, either via ACASI or via FTF surveys. Male partners that enrolled were interviewed in the same manner as their pregnant partners.
After informed consent was obtained, a research assistant not involved in the patient's medical care administered a confidential scripted oral or ACASI survey in Portuguese, questioning participants on demographics, time in their current relationship, risk factors for HIV acquisition including sexual behaviours and knowledge of partner's HIV status, as well as substance use. The questions were asked via the same script, but with ACASI; pictures were added to help clarify some of the questions. ACASI was administered on Hewlett Packard (Palo Alto, CA, USA) iPAQ hand-helds using the version of QDS software for hand-helds (HAPI).
Statistical analysis
Two-sample t-test and Pearson's chi-square statistics were used to analyse continuous and categorical outcomes, respectively.
We used dichotomous predictors and outcomes in our chi-squares for Table 2 , with one degree of freedom. Univariate and multivariate logistic regression analysis was performed to evaluate parameters associated with affirmative responses to questions regarding high-risk sexual behaviours and substance use. Variables included in the multivariate model were interview site, marital status, cigarette use during pregnancy, alcohol use in pregnancy and condom use. A subanalysis of partner concordance was performed using multivariate logistic regression to explore if method of interview influenced the frequency of partner-discordant answers to sensitive behaviour questions. All computations were done using STATA version 11.1. (Cary, NC, USA). IRB approval was obtained through both the UCLA Institutional Review Board and the Grupo Conceiçao Institutional Review Board.
RESULTS
Of 1422 eligible women who met inclusion criteria and were scheduled for a antenatal visit during the time period of interest, 654 (46%) agreed to participate in this study, with 371 receiving the FTF survey and 283 receiving the ACASI survey. Of 768 who did not participate, 360 (47%) did not show for their scheduled appointment and 267 (35%) were discharged from clinic prior to being approached by study personnel. Only 46 (6%) of eligible women who were asked to participate refused enrolment, and there was no difference in refusals between the ACASI group (5%) and FTF interview group (7%). Approximately half of the male partners (313; 48%) participated in the study with 140 men taking the ACASI survey and 173 men taking the FTF survey ( Figure 1 ). Table 1 displays the demographic characteristics for pregnant women and their partners. The mean age of pregnant women was 29 years, ranging from 18 to 46 years. Approximately 91% (n ¼ 591) of women were living with or married to their partners, 49% (n ¼ 318) were employed, and 72% (n ¼ 474) selfidentified as white. For the male sexual partners, the mean age of participants was 32 years, ranging from 18 to 66 years. Ninety-four percent (n ¼ 293) stated that they were living or married to their pregnant partners, 89% (n ¼ 278) were employed and 75% (n ¼ 234) self-identified as white. This is consistent with regional demographics for southern Brazil where the population is predominantly Caucasian. There were no significant differences in the demographic characteristics ............................................................................................................................................. of participants between the two clinic sites except that the male partners seen at Femina were less likely to identify themselves as white as compared with Conceiçao (67% versus 83%; P , 0.001). Women were more likely to report themselves as married during the FTF interviews at both sites.
Sociodemographic data

Risk behaviour
Women were significantly more likely to report a higher number of lifetime sexual partners and engaging in oral sex during pregnancy when interviewed using ACASI as compared with FTF (Table 2) . A larger percentage of men also selfreported having oral sex and extra-relationship affairs on ACASI as opposed to FTF interviews. Although not statistically significant, more men and women reported anal sex on ACASI than those who were interviewed FTF. Interestingly, pregnant women and their partners were more likely to report not using condoms on FTF interviews both prior to pregnancy and during pregnancy. As expected, condom use decreased during the time of pregnancy for both women and men. In women, 77% never used condoms during pregnancy in comparison with 47% never using condoms prior to pregnancy. In men, 77% never used condoms during pregnancy while 57% never used condoms prior to pregnancy. When questioned about substance use during pregnancy, pregnant women were more likely to report cigarette use, alcohol use and intravenous drug use (IVDU) on ACASI rather than FTF interviews. This trend was not observed in the male partners. In general, our non-response/missing response rate was higher in the ACASI interviews with nine men (7%) skipping all the questions regarding HIV risk factors as compared with one (0.05%) in the FTF interviews. Factors affecting reporting of the following risk behaviours were tested in univariate and multivariate analysis (Table 3) : alcohol use, smoking cigarettes, having 'outside' relationships and not using condoms. Odds ratios could not be calculated for IVDU because none of the pregnant women interviewed via FTF reported this activity. Both women and men were more likely to report never using condoms when interviewed . Women who identified themselves as non-White, had fewer years of schooling, and had been pregnant .2 times, had higher odds of smoking during pregnancy. Men were twice as likely to report extramarital affairs on ACASI. Being married significantly decreased odds of having an affair during pregnancy in women but not in men. Figure 2 shows partner-specific concordant responses to questions about sexual behaviour in participants who both denied infidelity. We noted high concordance rates for sexual behaviours with both ACASI and FTF interview techniques.
DISCUSSION
Our results show that pregnant women are more likely to report activities known to be unhealthy during pregnancy when interviewed via ACASI rather than FTF, especially in relation to substance use, including alcohol, cigarettes and intravenous drugs. Although these differences are statistically significant, given the low numbers of participants reporting substance use, the clinical relevance of these findings is debatable. We do not have objective data, such as a toxicology screen, to evaluate the degree of under-reporting of these activities, but a study performed on club-going adults in Porto Alegre showed that only 1.3% of men/women interviewed used crack in past 90 days, which is similar to rates endorsed by women on ACASI. 27 Furthermore, clinicians working in the hospital report that about 1% of newborns appear to be have symptoms of in utero drug exposure (approximately 4 each month of 400 births), which is also consistent with our results. 28 However, it is important to note that a prior study performed on pregnant women in the USA showed that when comparing ACASI to toxicology screens, there was significant underreporting of drug use. Future studies should validate reports from ACASI with toxicological screening as well. 29 Another interesting finding is that women were less likely to report never using condoms during pregnancy on ACASI than in FTF interviews. This was a strong relationship that persisted in the multivariate analysis. Although non-condom use may initially appear to be a censured behaviour, it may also represent the social norm for married pregnant couples to not use condoms during pregnancy. Stating that one is using condoms during a FTF interview may represent a socially undesirable answer, suggesting that at least one partner in the relationship is not faithful. Other possible reasons for this strong relationship include interviewer bias during the FTF interview or confusion regarding the response categories. A recent meta-analysis of prior studies comparing responses to questions about condom use on ACASI versus FTF in lowto-middle income countries showed heterogeneity in results without any clear pattern. 30 In male partners, results were more variable with regard to sexual behaviours; however, there was still a pattern of presenting more socially acceptable answers through FTF than ACASI interviews. Men were more likely to report affairs and oral sex on ACASI surveys, but less likely to affirm vaginal sex and no condom use. For men in southern Brazil, reporting frequent vaginal sex and no condom use with a pregnant spouse would likely be viewed as a more desirable social norm as opposed to engaging in oral sex or having extra-relationship affairs, which would be consistent with less acceptable behaviour. We did not find increased reporting of substance use on ACASI in men, which was not unexpected since this behaviour would not necessarily be stigmatized in males. This finding is consistent with a previous study performed in Brazil focusing on selfreporting of substance use among drug users, which also found no differences in affirmative response by interview type. 31 As expected, condom use decreased during the time of pregnancy for both women and men. Although we do not know all the context surrounding condom use prior to pregnancy (i.e. if these pregnancies were intentional), it is important to note that women were less likely to use condoms with their partners during pregnancy. Given the relatively high rate of infidelity reported by men (16%) as well as drug use, these women are at risk for acquisition of STIs.
This study is unique in its focus on responses from women and their sexual partners during the vulnerable time of pregnancy, when acquiring STIs and using substances could not only affect the patients but also their developing infants. Our results are concordant with a prior study performed in Brazil in non-pregnant women, who were more likely to report STI risk behaviour on ACASI, 32 a trend consistent with results from Zimbabwe and Malawi, 15, 33 but not in other countries including India. 34 In the USA, non-pregnant women interviewed at an STD clinic were more likely to report sensitive sexual behaviours on ACASI but not illicit drug use behaviours, which differs from our results. 35 However, pregnant women may feel another layer of stigma when questioned about substance use, and thus, feel more comfortable reporting use of cigarettes, alcohol and illicit drugs in a person-to-machine interaction that avoids any interviewer judgement as well as any potential negative repercussions from disclosing these activities.
Limitations of the study include the non-simultaneous administration of ACASI and FTF interviews to the study population. This was due to study logistics (i.e. difficulties in importation of hand-held devices to Brazil). Nevertheless, there were few differences observed in the demographics of the study population, except that women were more likely to report themselves as married or living with their partners on FTF interviews than in ACASI interviews. Although these two interview groups were temporally distinct by a few months, there is no reason to believe that more couples would be married during the months of ACASI administration. This difference, therefore, may reflect pregnant women choosing more socially desirable responses on FTF interviews. In order, to increase subject enrolment, two hospital sites recruited participants. These two hospitals are geographically distinct (approximately 20 km apart), but both are part of the same public hospital group (Grupo Hospitalar Conceiçao) and both serve similar disenfranchised populations in Porto Alegre.
In conclusion, our study results suggest that ACASI may be a more reliable instrument for the screening of pregnant women and their partners for high-risk behaviours, particularly with regard to drug use. Future studies should focus on validating ACASI response with biomarkers to assess levels of underreporting, such as screening urines of participants for drug use, as has been done in other contexts. 29 Meanwhile, increased use of ACASI should be considered by health-care providers serving pregnant women during antenatal care in order to better identify populations at risk and facilitate implementation of appropriate interventions to decrease behaviours associated with adverse pregnancy outcomes.
